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Abstract 
Spherical Titanium dioxide (TiO2) particles were successfully synthesized by sol-gel process in oil-in-water emulsion. Hydrothermal 
treatment was adopted to induce crystallization of the amorphous gel microspheres. The resulting particles show spherical structure and 
are suspended without coagulation. Doping and hydrothermal treatment had no obvious effect on the morphology of the TiO2 
microspheres. The grain size obtained by XRD analysis is about 6nm. However, doping changed the PL properties of microspheres that 
the green emission was suppressed by Zn2+ doping.  
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1. Introduction 
Titania has attracted considerable attention because of its potential applications in diverse areas such as photocatalysis[1], 
sensor devices[2], electrode materials[3], and optical devices[4]. The performance of these devices can be remarkably 
improved by structural control over the nanometer to micrometer ranges [5]. Generally, nanostructured materials exhibit 
unusual physical and chemical properties, significantly different from those of conventional bulk materials, due to their 
extremely small size or large specific surface area. The synthesis of nanocrystals has been intensively pursued not only for 
fundamental scientific interest, but also for technological applications [6]. Thus, their preparation and characterization have 
attracted increasing attention in the past decade. In addition, the ways of compositional control such as doping, solid 
solution and organic-inorganic hybrid are also required to extract a higher performance from TiO2 with potential application. 
According to previous studies, doping is one of the most effective approaches to improve the performance of TiO2 particles. 
Fe, V, Cr and Mn doped TiO2 was proven to have higher photocatalytic performance [7], Zn2+ doped TiO2 was a potential 
candidate for both photocatalytic[8] and optical application[9]. Also, Anatase TiO2 is one of the ideal hosts for the 
accommodation of rare-earth emitters in view of its good mechanical, optical, and thermal properties, while (Er3+, Eu3+, 
Sm3+) doped TiO2 shows their potentials for light emitting application [10] [11]. 
 
 
* Corresponding author. Tel.: +86-571-87953313 ; fax: +86-571-87953313. 
E-mail address: msewj01@zju.edu.cn 
 2014 Xingzhong Guo. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Selection and/or peer-review under responsibility of the scientific committee of Symposium [Symposium E - Solid-state devices for light 
emission and detection] – ICMAT
72   Weiwei Cai et al. /  Procedia Engineering  94 ( 2014 )  71 – 75 
In the present work, we reported a facile method to fabricate nanocrystalline spherical TiO2 particles. The effect of doped 
Zn2+ on the structures and PL properties of spherical TiO2 particles was studied. It was shown that anatase TiO2 
nanocrystalline were formed in the spherical TiO2 paricles after hydrothermal treatment, while the morphologies of the 
particles remained unchanged. According to the results of XRD analysis, the average grain sizes of the two spherical 
particles are about 6nm. It is anticipated that method presented in this work offers a solution to fabricate nanostrucured TiO2 
materials with controlled grain sizes and loading of doping ions. 
2. Experimental 
2.1. Fabrication of Spherical TiO2 particles 
First, an external water phase was first prepared by adding sodium dodecyl sulfate (SDS, Sinopharm Chemical Reagent 
Corporation, CP, 4 g) and OP-10 (alkylphenols polyoxyethylene, Emulsifier OP-10, Sinopharm Chemical Reagent 
Corporation, CP, 8.0 g) in deionized water under strong stirring at 1000 rpm. The SDS and OP-10 were used as surfactants 
to increase the stability of the O/W emulsion structure. Second, Ethyl acetoacetate (EAA, Aladdin, AR, 2.377 g) and 
tetrabutyl titanate (TBT, Sinopharm Chemical Reagent Corporation, AR, 6.217 g) were added to 1-octanol (Sinopharm 
Chemical Reagent Corporation, AR, 10.450 g) with constant stirring for 1 h to prepare the oil phase. To prepare Zn2+-doped 
TiO2 paricles, Zn(CH3COO)2·2H2O (Sinopharm Chemical Reagent Corporation, AR, 0.041g) was added to the oil phase as 
Zn2+ source. Third, the oil phase was added to the external water phase under strong stirring at 2000 rpm. The weight ratio 
of oil phase to water phase in the emulsion was kept at 1:18. To disperse the oil phase into the water phase, agitation was 
performed using high speed mixer. After stirring for 24 h, the samples were collected by vacuum filtration and dried at 40 
oC for 24 h. 
2.2. Hydrothermal treatment of TiO2 particles 
1g of undoped spherical TiO2 particles and Zn2+-doped spherical TiO2 particles was mixed with 30g of deionized water 
under stirring, respectively. After 10min of stirring, the two mixtures were transferred into Teflon-lined stainless steel 
autoclaves, which were sealed and maintained at 160 oC for 8h. Subsequently, the resulting solid particles was centrifuged, 
washed with distilled water and dried at 40 oC in air. 
2.3. Characterization 
The microstructure of the TiO2 particles was performed by using scanning electronic microscope (SEM, FEI Siron). 
Energy-dispersive X-ray (EDS) attached to SEM was used to confirm the composition of the spherical particles 
semiquantitatively. The main phase of spherical TiO2 particles was identified by X-ray diffraction method on Rigaku 
D/max-RA X-ray diffractometer using nickel filtered CuKĮ radiation in the range of 2ș=10~80 o. The photoluminescence 
spectrum (PL) was achieved on an Edinbergh instrument FLS 920 using a 325 nm excitation line. 
3. Results and Discussions 
The initial oil phase was yellow transparent solution. When mixed with water phase, water molecules around the oil 
droplets diffused through oil-water interface and reacted with TBT to initiate sol-gel process. The sol-gel transition of oil 
droplets which built the solid spheres was caused by two kinds of reaction, i.e., hydrolysis and polycondensation[12].  
Fig. 1 shows the SEM images of spherical TiO2 particles before and after hydrothermal treatment. It is observed that the 
four samples are spherical particles with the diameter from ~1 ȝm to 20 ȝm. Apparently, the doping and hydrothermal 
treatment had little effect on the morphologies of the spherical particles.  
In order to confirm the loading of doped Zn2+, we made an element analysis of the Zn2+ doped spherical TiO2 particles 
before and after hydrothermal treatment using EDS. As shown in Fig. 2, both the patterns of the Zn2+ doped spherical TiO2 
particles before and after hydrothermal treatment indicate the existence of Zn2+ in the two samples. The EDS test also shows 
that the atomic ratios of Zn element to Ti element are 3.61% and 4.56% for the Zn2+ doped spherical TiO2 particles before 
and after hydrothermal treatment, respectively (as shown in Fig. 2). It can be suggested that the gelation of the oil phase 
suppressed the diffusion of Zn2+ from oil phase to water phase. Thus, subsequent hydrothermal treatment would not 
decrease the amount of Zn2+ caged in the spherical gel particles.  
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Fig. 1. SEM images of spherical TiO2 particles undoped (a) and  Zn2+ doped (b) TiO2 particles without hydrothermal treatment and undoped (c) and Zn2+ 
doped (d) TiO2 particles treated with hydrothermal process; and patterns of EDS element analysis of Zn2+ doped spherical TiO2 particles before(e) and 
after(f) hydrothermal treatment 
 
(a) (b)  
Fig. 2. Patterns of EDS element analysis of Zn2+ doped spherical TiO2 particles before (a) and after (b) hydrothermal treatment 
Fig. 3 presents the XRD patterns of the four obtained spherical TiO2 particles. It is observed that the spherical TiO2 
particles were amorphous without hydrothermal treatment, while the diffraction peaks of the anatase TiO2 became intense 
after hydrothermal treatment. The broadening of peaks originated from the small sizes of the TiO2 nanocrystals. According 
to the calculation of Scherer formula on the basis of the (101) diffraction, the grain size of the two particles is about 6nm, 
which is bigger than the exciton Bohr radius of the TiO2 nanocrystals (1.5nm) [13]. During the hydrothermal process, the 
crystal nuclei of anatase TiO2 formed inside the spherical gel particles. However, the growth of grains was suppressed due 
to high viscosity of gel. Thus, nanocrystalline spherical TiO2 particles were obtained by hydrothermal treatment. We may 
reasonably conclude that the control of the grain size of anatase TiO2 in the microspheres is facile due to its suppressed 
growth rate. 
Zn/Ti=3.61 at. % Zn/Ti=4.56 at. % 
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Fig. 3. XRD patterns of spherical TiO2 particles undoped (a) and  Zn2+ doped (b) TiO2 particles without hydrothermal treatment and undoped (c) and Zn2+ 
doped (d) TiO2 particles treated with hydrothermal process 
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Fig. 4. PL spectra spherical TiO2 particles undoped (a) and  Zn2+ doped (b) TiO2 particles treated with hydrothermal process 
The room temperature photoluminescence (PL) spectra of the above-mentioned two kinds of nanocrystalline spherical 
TiO2 particles were recorded as shown in Fig. 4. Three prominent peaks at 400 nm, 435 nm, and 545 nm corresponding to 
UV, purple and green emission were observed. As shown in Fig. 3, the green emission was suppressed for the Zn2+ doped 
particles, while the UV emission was enhanced for the undoped particles. The peak around 400 nm can be attributed to 
shallow trap near band edge emission [14]. The purple emission may be due to free excitons emission. The green emission 
may be due to donor-accepter recombination or transition from conduction band to oxygen antisites [15]. Thus, the 
suppressed intensity of green emission for doped TiO2 particles can be attributed to doped Zn2+ which reduced the 
concentration of oxygen vacancies.  
 
4. Conclusion  
In summary, Spherical Titanium dioxide particles is successfully synthesized by sol-gel process in oil-in-water emulsion. 
The resulting particles show spherical structure and are suspended without coagulation. Doping and hydrothermal treatment 
had no obvious effect on the morphology of the TiO2 microspheres. The EDS test shows that the atomic ratios of Zn 
element to Ti element are 3.61% and 4.56% for the Zn2+ doped spherical TiO2 particles before and after hydrothermal 
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treatment, respectively, which confirmed the existence of Zn2+ in the spherical particles. The grain size obtained by XRD 
analysis is about 6nm. Three prominent peaks at 400 nm, 435 nm, and 545 nm corresponding to UV, purple and green 
emission were observed. However, doping changed the PL properties of microspheres that the green emission was 
suppressed by Zn2+ doping, which indicate reduced concentration of oxygen vacancies in Zn2+ doped TiO2 particles. It is 
anticipated that method presented in this work offers a solution to fabricate nanostrucured TiO2 materials with controlled 
grain sizes and loading of doping ions. 
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